Somatosensory Pulsatile Tinnitus Syndrome: Somatic Testing Identifies a Pulsatile Tinnitus Subtype That Implicates the Somatosensory System
Robert Aaron Levine, MD, Eui-Cheol Nam, PhD, MD, and Jennifer Melcher, PhD is synchronous with the heart beat. Known causes of pulsatile tinnitus are listed in Table 1 . When we encounter patients with pulsatile tinnitus, we first check whether, in fact, their tinnitus is related to the cardiac cycle by comparing (a) the examiner's silent count of the patient's cardiac pulse at the wrist (radial artery) with (b) the patient's silent count of his or her tinnitus pulsations. The examiner indicates when the counting interval starts and stops and then the count of the examiner and the patient are compared. If the counts are virtually identical, then we conclude that the pulsatile tinnitus is cardiac related and launch an investigation to identify the source of this presumed somatosound (i.e., a sound generated by an acoustic source from within the body). In about 10% of our cases, a source for the pulsatile tinnitus can be found. But in the majority of people, no cause is found despite an exhaustive physical examination and ancillary investigation. Others have reported a much higher percentage of pulsatile tinnitus patients in whom a source can be determined (Sismanis, 1998) . This difference probably relates to different referral patterns resulting in different patient populations. Patients seen in our T innitus is common; estimates of its prevalence range up to 80% of all adults (Heller & Bergman, 1953) . About 10% of adults complain of chronic tinnitus, and about 0.5% of all adults describe their tinnitus as interfering with their ability to lead a normal life (Coles, 1984) . Tinnitus may have many different etiologies but, by some estimations, in about 50% of cases, no etiology can be determined (Coles, 1996) .
One very distinct form of tinnitus is pulsatile tinnitus, which is described as having a rhythm that A new tinnitus syndrome is described: high-pitched, cardiac-synchronous tinnitus, whose pulsations are suppressed by strong contractions or compressions of the neck and jaw muscles (somatic testing). 14 cases, 6 non-lateralized and 8 unilateral, are reported. In the non-lateralized cases, onset was bilateral. In the one intermittent case, while her tinnitus was absent her pulsatile tinnitus could be induced by somatic testing. No etiology was found from physical examination, imaging, or ancillary testing. Because these cases of pulsatile tinnitus can be both induced and suppressed by activation of the somatosensory system of the head or upper lateral neck, we propose that this syndrome is occurring from (a) cardiac synchronous somatosensory activation of the central auditory pathway or (b) failure of the somatosensory-auditory central nervous system interactions to suppress cardiac somatosounds.
clinic have usually already been screened for an objective acoustic source for their pulsatile tinnitus.
A major question then is, What is the cause of the tinnitus in people with idiopathic pulsatile tinnitus? We can begin to answer this question by asking whether or not the cases of idiopathic pulsatile tinnitus are on an acoustic basis (i.e., due to a somatosound). There is reason to believe that pulsatile tinnitus can occur on a nonacoustic basis, because there have been several reports that neurovascular decompression of the VIII nerve can abolish pulsatile tinnitus (Lesinski, Chambers, Komray, Keiser, & Khodadad, 1979; Ohashi, Yasumura, Nakagawa, Mizukoshi, & Kuze, 1992; Ryu, Yamamoto, Sugiyama, Uemura, & Nozue, 1998) . For example, in patients with hemifacial spasm and ipsilateral pulsatile tinnitus, Ryu et al. (1998) reported that the pulsatile tinnitus could be abolished with repositioning of a blood vessel compressing the auditory nerve. We conclude that it is likely that all cases of pulsatile tinnitus are not due to somatosounds, but rather, some may have another mechanism, probably neural, such as compression of the auditory nerve by a blood vessel.
Herein, we report 13 cases, 6 of whom had nonlateralized pulsatile tinnitus, and the other 7 had unilateral pulsatile tinnitus, for which no etiology was found from the physical examination or ancillary testing. However, the pulsatile quality of their tinnitus could be suppressed by one or more strong contractions or compressions of the neck and jaw muscles, which we refer to as "somatic testing" (Abel & Levine, 2004; Levine, Abel, & Cheng, 2003) . The maneuvers currently being used to test for somatic modulation are listed in Table 2 . We provide evidence that this type of pulsatile tinnitus is not due to a somatosound but is related to the wellestablished phenomenon of somatosensory modulation of auditory perception within the central nervous system (CNS; Levine, 2004; Lewald, Karnath, & Ehrenstein, 1999 
Nonlateralized Cases
A summary of the patient characteristics and findings from examination in the nonlateralized cases appears in Table 3 . The three women and three men, ages 49 to 75, described their pulsatile tinnitus as high pitched, pulsating, and localized to both ears or in the head. No patient described the tinnitus onset as clearly occurring first in one ear, and at a later time in the other ear. One variant was patient B5, who had been seen at another clinic 3 months after his tinnitus onset; the medical record described that his tinnitus began after vigorous exercise as a "pulsating sensation on the right side of his scalp . . . now localized to the vertex of the scalp and at times behind the right ear." At our clinic 3 years later, it was described as "at the bottom and back of the head."
In each case, the examiner's silent count of the cardiac pulse at the wrist and the patient's simultaneous silent count of his or her tinnitus pulsations were always within 5% of each other. Pure tone thresholds were symmetric in all patients; two had normal pure tone thresholds and four had a mild symmetric high frequency sensorineural hearing loss. Thyroid function tests and hematocrits were normal. Auscultation was normal in all. Jugular compression did not modulate any patient's tinnitus. Carotid artery compression was performed by palpation of the carotid pulse at the level of the upper border of the thyroid cartilage and pressing intensely in a ventral-dorsal direction on the overlying sternocleidomastoid. Carotid compression did suppress tinnitus in two patients, but a similar effect occurred with compression of the same sternocleidomastoid muscle at the same location but in a lateral to medial direction such that the pulsations were not felt and, presumably, the carotid was not occluded. In one individual, B5, right carotid compression increased the loudness of his pulsatile tinnitus. Imaging studies were all unrevealing, including cerebral angiography in B1. All could suppress the pulsatile nature of their tinnitus by either pressure on the sternocleidomastoid muscle or with various strong neck or jaw muscle contractions. In some, the tinnitus was abolished; in others, only the pulsatile quality of the tinnitus was suppressed, leaving behind residual high pitched nonpulsatile tinnitus. With some maneuvers, the tinnitus from only one ear was suppressed. A representative nonlateralized case follows. (Sator-Katzenschlager & MichalekSauberer, 2007) , quieted his tinnitus by 50% to the point that he is able to sleep without medication.
Lateralized Cases
Seven other pulsatile tinnitus patients have been seen with similar features to the nonlateralized cases but with tinnitus localized to just one ear; six had left ear tinnitus and one had right ear tinnitus. A summary of the patient characteristics and findings from examination in the lateralized cases appears in Table 4 . The pulse count at the wrist and the patient's simultaneous silent count of the tinnitus pulsations were very similar for each patient. Like the nonlateralized group, all described their tinnitus as high pitched and pulsating. Six of the seven abolished their tinnitus with one or more strong neck or jaw muscle contractions. The pulsatile tinnitus of the other patient, M4, became nonpulsatile ("wind") with such maneuvers. Audiometry was symmetric in all except M3, who had a conductive loss above 1 kHz and ipsilateral to her pulsatile tinnitus. Thyroid function tests and hematocrits were normal. Auscultation was normal in all. Jugular compression did not modulate any patient's tinnitus. Carotid compression altered the pulsatile tinnitus in patient M6 only. His tinnitus stopped briefly upon release of compression of his right carotid, as did release of his right sternocleidomastoid compression without carotid compression. In addition, focal right ear canal pressure at "2 o'clock" abolished his pulsations and, overall, quieted his tinnitus. A representative lateralized pulsatile tinnitus case follows.
Case 2 (patient M5)
A 
Discussion
In this report are described 13 cases of cardiacsynchronous pulsatile tinnitus for which no apparent acoustic source of their tinnitus could be identified. All patients share the characteristic that their pulsatile tinnitus can be either abolished or transformed to nonpulsatile tinnitus by activation of their somatosensory system of the upper neck or jaw (i.e., with intense muscle contractions or pressure on muscles and tendons). We now attempt to answer the question of why their tinnitus is pulsatile. We start by considering the nonlateralized cases.
What Are the Possible Causes of Nonlateralized Pulsatile Tinnitus?
The localization of the pulsatile tinnitus to the center of the head in these six cases suggests several possible causes: (a) a high cardiac output state, such as anemia or hyperthyroidism, (b) bilateral independent extracranial or intracranial somatosounds such as bilateral carotid stenosis, (c) a central somatosound such as a carotid-cavernous fistula, (d) independent pulsatile modulation of neural activity of each side of the auditory CNS, such as bilateral auditory nerve vascular compression, or (e) pulsatile modulation of a single auditory CNS structure that can affect auditory perception on both sides or cause a centered sound percept. This last possibility would include the auditory pathway above the auditory decussation (trapezoid body) because the auditory pathway is both crossed and uncrossed rostral to the trapezoid body. Even a cochlear nucleus could be playing a role, because the cochlear nuclei have reciprocal connections (Cant & Gaston, 1982) . Likewise, pulsatile modulation of neural activity at one location along the auditory pathway might project to higher or lower parts of the auditory pathway, thereby resulting in nonlateralized pulsatile tinnitus.
The first possibility has been eliminated by our laboratory studies. Somatosounds that are coming from two independent sources, one on each side of the head, can be eliminated on the basis that, in all but one of our cases (B5), we have no information to suggest that the tinnitus began on one side and later became bilateral or nonlateralized. In all our nonlateralized cases, the tinnitus was never perceived initially as unilateral, even though for some patients (B1 & B5), the spatial perception of their pulsatile tinnitus could be transformed from nonlateralized to unilateral with somatic testing. As such, two different independent somatosounds on the two sides either intracranially or extracranially beginning at the same time are extremely unlikely and so can be eliminated from consideration on that basis alone. The same arguments can be applied to possibility (d), bilateral pulsatile modulation of neural activity of the auditory CNS from two independent sources, one within each side of the auditory pathway. The unremarkable imaging studies likewise exclude such possibilities, as well as excluding a central somatosound. The lack of any eye signs such as pulsating exophthalmos or ocular bruits excludes carotid-cavernous fistula.
Exclusion of (a) thru (d) leaves, as the only possibilities for our cases of nonlateralized pulsatile tinnitus, vascular modulation of the auditory CNS either in one locus above the trapezoid body or from interactions between neural structures from both sides either above or below the trapezoid body, such as through the reciprocal connections between the cochlear nuclei of the two sides (Cant & Gaston, 1982 Because (a) the dorsal cochlear nucleus (DCN) is implicated in playing a role in tinnitus from cochlear insults based on animal studies and (b) a combination of human studies and animal studies implicates the DCN in tinnitus from a somatosensory insult, consideration of pulsatile modulation of DCN activity as a cause for pulsatile tinnitus is reasonable and may serve as a model for pulsatile modulation of neural activity at other sites along the auditory pathway (Kaltenbach, Zhang, & Finlayson, 2005; Kanold & Young, 2001; Levine, 2004) . Besides receiving deep layer inputs from type I myelinated auditory nerve fibers to the smooth dendrites of DCN fusiform and giant cells, as well as tuberculoventral neurons, the DCN granular cell layer receives inputs from multiple other CNS loci, including the somatosensory system of the head and upper neck, vestibular system, pontine nuclei, type II unmyelinated auditory nerve fibers, the octopus cell area of the ventral cochlear nucleus, the inferior colliculus, and the auditory cortex (Oertel & Young, 2004) . Any one of these inputs to the DCN could be responsible for the pulsatile quality of these patients' tinnitus, if their neural activity had a pattern synchronous with the cardiac cycle. At present, there is no compelling reason to choose one of these inputs as the most likely candidate.
What must be reconciled with any hypothesis is the fact that all these patients can suppress the pulsatile quality of their tinnitus with somatosensory activation, either strong neck or jaw muscle contractions or direct pressure on an upper neck muscle. All these maneuvers are activators of the somatosensory receptors of tendons and muscles.
In some of the patients, the tinnitus was not heard altogether with one or more of these maneuvers ( . For example, several maneuvers abolished patient B1's left ear pulsatile tinnitus, and his right ear tinnitus became nonpulsatile but was not abolished. Despite being unable to lateralize their tinnitus, with some maneuvers, half of the six patients (B1, B4, and B5) could suppress the tinnitus from only one ear. The other three (B2, B3, and B6) could suppress both but could not suppress just one side.
Because somatosensory innervation to the DCN is ipsilateral and the DCN is prior to the auditory decussation, the cases of ipsilateral suppression are consistent with the DCN being the site of somatosensory-auditory interaction. Moreover, one of the roles that has been suggested for DCN is suppression of self-generated sounds such as heart beats (Haenggeli, Pongstaporn, Doucet, & Ryugo, 2005) . This suggests that somatic pulsatile tinnitus may be due to a failure of the DCN to suppress the normal self-generated sound of our heart beats. Suppression of pulsatile tinnitus with somatosensory activation from somatic testing may represent a temporary correction of this malfunction.
We conclude that the most likely causes for the pulsatile tinnitus of the nonlateralized cases are related to the somatosensory-auditory interactions in the CNS, possibly at the DCN level. We further speculate that it occurs in one of two ways. The first explanation is failure to suppress the normal selfgenerated sound of our heart beats. A second possibility is that the well-established somatosensory-auditory system interactions within the central auditory pathway are causing pulsatile tinnitus because the somatosensory inputs to the central auditory pathway are pulsatile in nature. As shown in Figure 2 , we suggest that the head and neck somatosensory inputs, which are being continuously modulated by cardiac synchronous blood flow, lead to pulsatile disinhibition of the DCN. This increased activity in the output of the DCN projects to other centers and eventually leads to activation of the auditory perceptual machinery responsible for pulsatile tinnitus.
In fact, our ear canal recordings support this second hypothesis. Figure 1 shows recordings from the ear canal of patient B1, along with his simultaneous EKG. These recordings are typical of all patients without pulsatile tinnitus; EKG synchronous sound pressure changes were occurring that have a dominant component of about 20 Hz, a frequency that is outside the range of normal hearing and so is generally not heard. However, just as the somatosensory receptors of the external auditory canal are being stimulated with each cardiac cycle, likewise, we suggest that the somatosensory receptors in muscles, tendons, and joints are receiving cardiac-synchronous somatosensory stimulation, which in these patients is leading to pulsatile tinnitus. In fact, note that patients B1 and M6 (Tables 3 and 4 , respectively) can modulate their pulsatile tinnitus with ear canal stimulation and that relieving the pressure/inflammation or blocking the nerve impulses from the root of a tooth can sometimes abolish the pulsatile tinnitus, as in Case 2 (M5) above.
Lateralized Pulsatile Tinnitus
Aside from the lateralization of their tinnitus, the seven cases of unilateral pulsatile tinnitus are very similar to the six nonlateralized cases. In fact, patient M7 of the lateralized group represents a transitional case that reinforces the similarity between the lateralized and nonlateralized cases. Although "99% of the time," he localizes his pulsatile tinnitus to his left ear, on rare occasions, his pulsatile tinnitus is heard in the center of his head. In fact, when examined, he was hearing only his left ear pulsatile tinnitus, but intense right sternocleidomastoid contraction elicited pulsatile tinnitus in his right ear. This finding in patient M7 confirms that somatosensory activation can elicit pulsatile tinnitus. In this instance, somatosensory activation transforms his pulsatile tinnitus from lateralized to nonlateralized.
Like M7, another patient from our clinic could elicit lateralized pulsatile tinnitus from somatic activation. This case is not included in our tables, because she had no tinnitus when evaluated. Schematic depiction of cardiac modulation of the somatosensory system leading to pulsatile tinnitus. Note: The head and neck somatosensory inputs, which are being continuously modulated by cardiac synchronous blood flow, lead to pulsatile disinhibition of the DCN. This increased activity in the output of the DCN projects to other centers and eventually leads to activation of the auditory perceptual machinery responsible for pulsatile tinnitus.
However, her history has all the features of our cases of lateralized pulsatile tinnitus including suppression of her pulsations with somatic activation.
Case 3
After 18 months of orthodontia treatments, an audiometrically normal 57-year-old registered nurse developed intermittent left ear whistling tinnitus, which had a cardiac-synchronous pulsatile nature ("swishing") Several points are made by this case. The major point is that pulsatile tinnitus can be elicited by a somatosensory stimulus, in this case, pressure against the base of the auricle. This case also shows that (a) alterations of the bite may both induce tinnitus and relieve tinnitus and (b) pulsatile tinnitus can alternate with high-pitched continuous tinnitus.
The unilateral pulsatile tinnitus cases all described the pulsatile tinnitus as high pitched. Six of the seven could abolish their tinnitus with strong neck or jaw muscle contractions, whereas the other patient (M4) could suppress the pulsatile quality with multiple such contractions but could never abolish all tinnitus. Imaging studies were unrevealing, including a cerebral angiogram in patient M3. The similar properties of the lateralized and nonlateralized cases suggest that they all share a similar etiology. In fact, patient M7, as described above, could transform his lateralized tinnitus to nonlateralized with somatosensory activation.
Both patient M7 and case 3 could induce pulsatile tinnitus with somatosensory activation. For these two patients, it is straightforward that the somatosensory system is causing their pulsatile tinnitus. For the other patients, suppression of tinnitus with somatic testing implies that the somatosensory system is interacting somewhere along the tinnitus neural pathway to suppress the pulsations.
Other Possible Interpretations

Is the Pulsatile Tinnitus Due to a Vascular Somatosound?
An obvious consideration in these cases of pulsatile tinnitus, in particular when it is unilateral, is that the pulsatile tinnitus is due to a sound being generated by blood flow and this sound is being heard by the patient. One can then argue that the somatic testing is having its effect simply through diminishing blood flow.
Venous blood flow as the source of the sound can be excluded because jugular compression did not change the tinnitus in any of the 13 cases. On the other hand, an arterial source for the somatosound is possible, at least in the 11 patients who did not undergo cerebral angiography. Two patients, B1 and M3, had cerebral arteriograms that did not identify a source of a somatosound.
The vertebral arteries are inaccessible on the physical examination. Because the vertebral arteries cannot be tested with compression, they are possible sources for a somatosound. However, just as the vertebral-basilar system is inaccessible on examination to compression because it is protected by the skeletal system, so too, blood flow within the vertebralbasilar arterial system is unlikely to be affected by strong muscle contractions of the head and neck that have been performed on all of these patients as part of our somatic testing. Therefore, the suppression of the pulsatile tinnitus by somatic testing in all of these cases is unlikely to be due to an effect on vertebral-basilar blood flow per se.
On physical examination, the carotid arteries can be compressed and, likewise, their compression might be accounting for some of the changes in pulsatile tinnitus that occurred with strong muscle contraction of the neck and compression of neck muscles. In fact, carotid compression did have an effect in four of the cases, so this raises the possibility that (a) arterial blood flow from the carotid system is generating a somatosound in these four cases and (b) suppression of the pulsatile tinnitus with somatic testing is due to diminished carotid blood flow and not interactions between the somatosensory and the auditory system within the CNS.
We digress now to examine in detail these four cases where carotid compression affects their pulsatile tinnitus.
In two of the six nonlateralized cases, B3 and B4, all tinnitus was suppressed with carotid compression. For patient B3, bilateral pulsatile tinnitus was suppressed by a few seconds of right carotid compression at the level of the upper border of the thyroid cartilage, but left carotid compression caused no change. Against this effect being a result of diminished right carotid blood flow in this patient with a normal MRA scan of her carotid arteries are two findings: (a) When the right sternocleidomastoid, which overlies the carotid artery, was given other firm pressure such that it did not appear to affect the artery, it likewise quieted her tinnitus, and (b) another maneuver that required strong right-sided neck muscle contractions (from the neutral head position, isometric forceful tilt to the right) reduced her bilateral pulsatile tinnitus loudness by 60% on a visual analog scale.
For the second nonlateralized patient, B4, carotid compression of either side abolished her ipsilateral tinnitus, but the pulsatile tinnitus of the other side remained unchanged. With firm pressure on the mastoid where the sternocleidomastoid inserts, her ipsilateral pulsatile tinnitus was also fully suppressed. Moreover, B4 could abolish her tinnitus of both sides by active jaw retrusion. Passive retrusion made very little change and graded active retrusion did not lead to graded attenuation of her tinnitus; rather, at one point during jaw retrusion, her tinnitus abruptly ceased bilaterally. Although the observations with B3 do not definitively exclude carotid compression stopping her tinnitus, B4's observations clearly cannot be accounted for by carotid occlusion. Because jaw retrusion is not compressing the carotid arteries of B4, retrusion must be affecting her tinnitus in some other way.
Six of the seven unilateral pulsatile tinnitus cases underwent carotid compression; M3 was not tested due to safety concerns because she had only one patent carotid artery. Ipsilateral carotid compression and other head and neck maneuvers caused patient M4's left pulsatile tinnitus to be replaced by a nonpulsatile sound (described as "wind") that was twice as loud.
Patient M6, in a way, suppressed his pulsatile tinnitus from ipsilateral carotid compression. Synchronous with initiating carotid compression, his pulsatile tinnitus actually became louder followed by 1 to 2 seconds of no tinnitus perception. Moreover, other jaw and neck contractions would also transiently abolish his tinnitus, as part of a sequence of variations in tinnitus loudness lasting a few seconds.
Taken together, all of the above provide little or no support for the notion that (a) some of these patients' pulsatile tinnitus is from a sound generated by arterial blood flow and (b) somatic testing is diminishing arterial blood flow, which leads to quieting of the pulsations. On the contrary, these findings implicate the soft tissues nearby the internal carotid artery as a site particularly involved in somatic modulation of tinnitus in general and pulsatile tinnitus in particular.
Modulation of Pulsatile Tinnitus by Somatosensory Activation
Somatic modulation of auditory perception from interactions between the somatosensory and the auditory system within the CNS is a well-established fact (Levine et al., 2003; Lewald et al., 1999; Moller & Rollins, 2002) . Several lines of evidence weigh against the idea that our observations in this group of patients with pulsatile tinnitus are simply the usual effect of the somatosensory system activation on auditory perception. For this analysis, we need to consider two possibilities, namely, that the pulsatile tinnitus is (a) due to a somatosound or (b) neurally based.
If we assume for the moment that these cases of pulsatile tinnitus are due to a vascular somatosound, then we now consider the possibility that the modulation of pulsatile tinnitus by somatosensory activation in these cases is just another example of this general phenomenon applied to this vascular somatosound.
In the case of a somatosound, the study of Moller and Rollins (2002) , using median nerve electrical stimulation at the wrist as the somatosensory activator, is relevant. They found that somatosensory modulation of the perception of an external sound occurred only in people younger than age 20. Moreover, the effect was predominantly to intensify the loudness of the external sound; of those who could modulate, the effect of somatosensory stimulation was to increase the loudness in more than 80%. Because (a) none of our patients were younger than age 37 and (b) the overwhelming effect in our patients is a quieting of the tinnitus percept, from this clinical analysis, we reject the possibility that somatic modulation of a somatosound is accounting for suppression of the pulsatile quality of our patients' tinnitus. As a corollary, we reject the notion that a somatosound is accounting for our cases of pulsatile tinnitus.
We now consider the other possibility, namely, that (a) the pulsatile tinnitus is not a somatosound but is neurally based and (b) our findings are due to "routine" somatic modulation. In the case of neural tinnitus being somatically modulated, our prior studies using somatic testing as the somatosensory activator are pertinent (Levine et al., 2003) . These studies have shown that in about 80% of people with neural tinnitus, strong muscle contractions of the head and neck can modulate their tinnitus; by contrast, 100% of our pulsatile tinnitus patients can somatically modulate their tinnitus (see Table 5 ). Furthermore, of the nonpulsatile tinnitus patients, 72% could make their tinnitus louder with one or more strong head or neck muscle contractions (Table 5 , combining columns 2 and 4), whereas in only about 25% did their tinnitus become softer (Table 5 , combining columns 3 and 4). Again, this contrasts with our pulsatile tinnitus patients. Although 69% did increase their tinnitus loudness, 77% decreased their tinnitus loudness and 69% could abolish their tinnitus, as compared with only 14% of nonpulsatile tinnitus patients (Table 5) . Most important, all 13 of our patients could suppress the pulsatile nature of their tinnitus, an observation that has not been previously described to the best of our knowledge. These differences are significant at the p = .01 confidence level (Pearson chi-square test). Because the effect of somatic testing in the pulsatile tinnitus patients of this study is overwhelmingly in the direction of decreasing tinnitus loudness, it is clear that the results from these previous studies argue against the pulsatile tinnitus of our patients being due to routine somatic modulation.
Conclusions
A pulsatile tinnitus syndrome has been described, which is characterized by cardiac synchronous tinnitus that is high pitched and can be suppressed by activation of the somatosensory system of the jaw or upper lateral neck. The tinnitus percept may be lateralized or nonlateralized and is not affected by jugular compression. Imaging studies are negative. The syndrome likely occurs from (a) failure of the somatosensory-auditory CNS interactions to suppress cardiac somatosounds or (b) cardiac synchronous somatosensory activation of the central auditory pathway.
Further Directions
Based on our hypothesis that these patients' pulsatile tinnitus is probably occurring on a somatosensory basis, and evidence that somatosensorybased tinnitus can benefit from somatosensory-based treatment modalities such as acupuncture (Levine, Nam, Oron, & Melcher, 2007) , we have begun treating some of our patients (B1, B4, M3, and M7) with auricular electroacupuncture. They are treated with a device that stimulates three points on the auricle continuously for 4 days. This same electroacupuncture treatment protocol is repeated weekly for a minimum of 3 weeks or until benefit plateaus. B1 and M7 plateaued with about a 50% improvement in their tinnitus loudness after 14 and 6 weeks, respectively. The improvement has persisted for more than 2 months with no additional electroacupuncture. B4 and M3 have recently begun their electroacupuncture treatments, and both have improved after 2 and 4 weeks, respectively. More trials are planned. 
